POSTHARVEST BIOLOGY & TECHNOLOGY
At the end of cold storage and after the week of holding at 20C, fruit were inspected for CI and percentage of decay caused by mold. CI was rated visually on the following scale: 0 = none; 1 = slight; 2 = moderate; and 3 = severe, depending on the extent of damage. To obtain a weighted average for a chilling index, the number of fruit in each CI rating was multiplied by the designated number and an average was taken (Eaks, 1980) . Overall visual quality was evaluated by an informal test panel of three technicians using the following scale: 9 = excellent, 7 = good (fresh, limit of marketability), 5 = fair (fairly fresh, limit of edibility), 3 = poor (old, not fresh). An average visual score was calculated. Three replications of 20 healthy fruit were randomly selected before the hot water dip, after cold storage, and after 1 week of storage at 20C to evaluate physiological behavior (respiration rate, endogenous ethylene production, and acetaldehyde and ethanol content in the juice) at 20C and internal quality characteristics [percentage of juice, total acidity (TA) as percentage of citric acid, total soluble solids (TSS) as°B rix, and maturity index as the TSS : TA ratio]. Analyses were performed as previously described (Schirra, 1992) .
Data were processed for analysis of variance by means of the MSTAT-C (Michigan State Univ. microcomputer program, 1991) software. A split-split-plot design was used, where dip temperature was the main plot, storage regime was the subplot, and the inReceived for publication 31 Jan. 1994. Accepted for publication 11 Nov. 1994 . We have all contributed equally to this study. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. storage life using cold storage preceded by a prestorage hot water dip treatment in conjunction with intermittent warming as nonchemical means to control postharvest decay.
Material and Methods
Commercially ripe (1.13% of citric acid and 10.3% soluble solids) 'Fortune' mandarins [5 to 7 cm in diameter (maximum)] were harvested in Apr. 1993 at the experimental orchard of the National Research Council in Oristano (west central Sardinia, Italy, lat. 39°55´N). Fruit were delivered to the laboratory immediately after harvest. Defective fruit (i.e., green, pitted, or wounded) were discarded. Sound mandarins were selected (120 to 150 g each) and grouped into two lots. Each lot contained 600 fruit. One lot was submerged for 3 min in 25C water; the other lot was submerged for 3 min in 52C water. After the hot-water treatment, each lot was divided into two subgroups, each containing 300 fruit. One subgroup was stored at 2C for 5 weeks without intermittent warming; the other subgroup was stored at 2C with intermittent warming at 10C for 3 days every 4 days. A 6-to 8-h equilibration time was necessary during warming and cooling. Relative humidity (RH) in the cold rooms was always 90% to 95%. After 5 weeks of cold storage, the fruit were held one additional week at 20C and 75% RH to simulate retail marketing conditions. Each 300-fruit subgroup contained three 50-fruit replications for external appearance observations and three 50-fruit replications for chemical analyses.
'Fortune' is a mandarin-like hybrid of 'Clementine' and 'Dancy' tangerine that is appreciated for its agronomic characteristics, rich flavor, high-quality fruit, and late ripening (Young, 1986) . Prolonging the marketing period of 'Fortune' mandarins through 6-to 8-week cold storage would make it possible to obtain good prices for fruit of higher eating quality than for other late mandarins (Agabbio and Casu, 1983; Jackson et al., 1992) .
However, 'Fortune' mandarins are sensitive to low field temperatures (Agustì and Almela, 1989; Bono et al., 1984) and are even more susceptible to chilling injury (CI) during 1-month of cold storage at <10C. After 3 weeks of cold storage, severe pitting of flavedo develops (Duarte and Guardiola, 1993; Martinez-Jàvega et al., 1992; Martinez-Tellez and Lafuente, 1993) . Consumers are demanding products with no chemical residues, and many researchers are involved in developing safe, nonpolluting procedures without compromising product defenses (Sharples, 1990) .
The late ripening of 'Fortune' offers the possibility of it being marketed when other mandarins are going off the market. Our experiment was designed to extend mandarin Abstract. Freshly harvested 'Fortune' mandarins (Citrus reticulata Blanco) were dipped for 3 minutes in 25 or 52C water and then stored for 5 weeks at 2C. Then, the fruit were or were not intermittently warmed at 10C for 3 days after each 4-day storage period. All fruit then were held at 20C for 1 week to simulate retail marketing. Chilling injury was more severe in fruit dipped in 25C water and stored at 2C than in fruit dipped in 25C water and stored under intermittent warming. The hot dip treatment significantly reduced the extent of damage during storage and the subsequent 1 week of holding at 20C. The hot dip treatment reduced the incidence of fungal decay, especially during holding at 20C. Dip temperature and storage conditions slightly affected fruit physiological and quality characteristics. We conclude that prestorage hot dip treatments can be used to improve 'Fortune' mandarin storing qualities. Also, this practice may be combined with intermittent warming during cold storage, and it could help limit fungicide use in postharvest treatments.
spection time was the sub-subplot factor. Mean comparisons were performed using Duncan's multiple range test at P ≤ 0.05.
Results and Discussion
Fruit dipped at 25C and stored continuously at 2C developed extensive CI compared to hot-dip-treated fruit during cold storage and holding at 20C. Conversely, fruit kept under intermittent warming exhibited a low incidence of CI and revealed minor differences in the CI index in relation to dip temperature (Table 1) .
A low incidence of decay caused by mold (mainly Penicillium italicum Wehmer) occurred after 5 weeks of storage at constant temperature, without differences due to prestorage dips. Fruit maintained under intermittent warming also showed little decay (<2% and 1% in those dipped in water at 25 or 52C, respectively). Holding at 20C increased decay percentage in fruit dipped at 25C by ≈5% under both storage conditions; decay did not increase in hot-dip-treated fruit.
Compared to continuous storage at 2C, intermittent warming significantly reduced the fruit respiration rate at 20C and endogenous ethylene concentration after 5 weeks of storage (Table 2) .
Differences after holding, however, were not significant in most cases. The physiological response of fruit was only slightly affected by dip temperature during storage and after holding.
Internal quality attributes were affected by cold storage and subsequent holding, but differences due to storage regimes and dip temperature were negligible (Table 2) .
Overall visual quality did not reveal important differences at the end of 5 weeks of storage (data not shown). After holding, however, fruit stored with intermittent warming were more turgid and had better appearance than controls.
In line with previous findings with other citrus cultivars (McDonald et al., 1991; Schirra and Mulas, 1993; Wild and Hood, 1989) , our results confirm the effectiveness of prestorage hot dip treatment in reducing CI and decay of 'Fortune' mandarins. Intermittent warming improved this effectiveness considerably and seems to be promising in terms of consumer safety and environmental protection.
In regard to intermittent warming, the cycling of temperatures based on a period coinciding with the work week (4 days at 2C + 3 days at 10C) was arranged to facilitate management of the cycle and to increase the total high-temperature period. This treatment may have removed toxic or inhibiting substances that accumulate during chilling (Lyons, 1973) . Harvest data is only included to provide a comparison to the other measurements. y C = constantly at 2C; I = interrupted by 3 days at 10C every 4 days. x 5 = 5 weeks at 2C; 5 + 1 = 5 weeks at 2C plus 1 week at 20C. w Mean separation by Duncan's multiple range test at P ≤ 0.05. v ANOVA = analysis of variance. NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively.
